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Technical Field 



This invention relates to grating-assisted optical 
wavelength selective couplers and, in particula To 
couplers that are insensitive to the stated poll ° 
tion of the incident signal. 



In order to use wavelength division multiplexing 
techniques ,n optical transmission systems, one rl 
quires efficient, narrow-band optica, wavelength Z 

GaAsP/ nP T, 6ntit,ed "^rig-assisted ln- 
GaAsP/lnP vertical correctional coupler filter" by 

m* £r s f ? "!■- pub,ished in the 6 Nove ^ 

1989 issue of Applied Physics Letters 55(19) on 

dropping filter employing grated-assisted coS 
between asynchronous optical waveguides. How 
ever, such devices are polarization dependent and 
win respond differently for the TE and TM modes 1 
a consequence, the amplitude of the dropped channel 

input signal vanes. Accordingly, it is the object of the 
X2n"T? t0 ProV, ' de ° PtiCa ' fi,ters that oper! 
ctent^ 

Summary of the Disclosure 

T*tln aC ™ da T W,th the present inventi °n. POlari- 

a oub7 e d r ri n H ent fi,len ' n9 fe ° btained * of 
a double-penodic grating structure which may be 
viewed as a combination of two gratings with^ght * 
d.fferentgrat,ng P eriod S .Thetw 0 pe ri od S arecarefut ■ 

slants of the TE and TM modes such that both are 
coupled at the same wavelength. 

It is shown thatthe double-periodic grating can be 

t.onsthu S s,mplif y ingthefabricationofsuchdevices 
The pnncipal of the invention can be aoolied 

er in the transmission or reflection mode. 

Brief Description of the Drawing 46 

^ve^pirn ' *~ ^ 

n? WS ° PtiCa ' reSp0nse of a d0 <*le- 
penodic filter wherein the TE and TM modes 
share a common transmission band- 
FIGS. 3 and 4 illustrate how a double-periodic 55 

S' n ?^ rmed by mU ' tip,yin9 rectanQU '* grat- 
mgs of different periodicity; 

FIG. 5 shows a four-port filter in accordance with 



the teachings of the invention; and 

Detailed Description 

Referring to the drawings, FIG. 1 shows a priorart 
vertically coupled, optical waveguides 10 and 11 Fc 

alied^ 

coupled ,n the forward direction by means of a per* 
od c coup ng gratjng 12 ^ a more 

is scnption of such devices, see the article by R C Al 
gTI, ok aL ' 6ntit,ed coupled | n - 

GaAsP/mp buried rib waveguide filter", published jn 
the 11 November 1991 issue of Applied Physics Let 
te£. 59(20), pp. 2573-2575. -^-^^1^ 
20 If the grating period A is chosen such that 

A = 2n/(p 2 -p 1 ) m\ 

LomlT'". ^ 3 ? Ve,e " 9th *• 3t Wnicn «»« will be 
Xe y C ° UP,ed betWee " the tWO w -eguides 
25 *• = (n 2 -n,)A (2) 

io^ n2areth ^^ 

lengths^ xTf^' ThUS ' " »» 

AflnneH ii ' ^ ^ C ° UP ' ed int ° the 

30 olut nf '• 31 WaV6len9th ** wi » a PPeara the 

zivzrt li i, whereas the ba,ance 

signals, X„ ^ X 3 ...A* Wl || appear gt ft 
wlTt? ° PtiCa ' ba " dwidth of thftype S 

Z X pendent C0up,er is inveree, y p^por- 

tional to the number of grating periods 

15 Such grating-assisted directional couplers have 

b6 r de ™« InP wSh op to" 
bandw, dthsas|owas17nmatw P 

However, as noted above, these couplers are stro™ 
ly sens,t,ve to the polarization of the incident light 
o Typioaly. COupIing forthe 

cu s at onger wavelengths than for TM-polarized i£ 
put light The difference in wavelength 

„ Q „ , AX. = ^OfTE) " ^0(TM) (3) 

can be as much as 30nm and. hence, substantially 

° f inherent difference t'e bir^ 
re nngence n^-n^,, in the higher index guide is 
usually much higher than the birefringence , n 'J- 
"ktm), the lower index guide, where 
n, = (4) 

Inasmuch as 
and ^° (TE) = [n2m " " 1(TE)JA (5) 
<t is apparent that ^ = ^ nly jf ^ ^ ^ 
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guides exhibit the same birefringence. In practice 
however, it is difficult to fabricate two waveguides 
that have substantially different propagation con- 
stants but equal birefringence. In an alternative solu- 
tion to this problem, in accordance with the present in- 
vention, the equivalent of a double-periodic coupling 
grating is employed. This grating structure essential- 
ly introduces two different coupling periods A_, and 
A, where 

A_, < A < a,. (7) 
For each polarization mode, the filter then exhib- 
its two transmission bands centered at wavelengths 
*iom» ^ktm). and 1 1(TE)> x. 1(TE) respectively, where 
Vm) = (n 2(TM) - n^A, (8) 
x - htm) = (n^M) - n 1(TM) )A_, (9) 
*i(TE) = (n 2( TE) - n^jjA, (10) 

and 

KTE) - (n 2( TE) - n irfE ^A_,. (11) 
This is illustrated in FIG. 2A which shows the optical 
response of a double-periodic filter for the two 
modes. In accordance with the invention, the grating 
«s designed so that the two modes share a common 
transmission band centered at an operating wave- 
length kop. This is illustrated in FIG. 2B where 

*op = *-1<TM) = k. 1(TC) (12) 

or, from equations (8) and (1 1 ), 

*°p = A i( n 2(TM)-n 1{TM) ) (13) 
" ^-i(n2(TE) - n 1(TE) ). (14) 
Knowing the refractive indices at the wavelength 
*o P , the grating periods A, and A., can be determined 3 
The useful spectral range, however, is limited to the 

rZf n fl ^ b6tWeCn *™> and ^ 'cm, because 
of the additional transmission bands at those wave- 
lengths which are strongly polarization dependent 
Thus, .n accordance with the present invention the 3i 
difference in the birefringence between the two wa- 
veguides is advantageously as large as possible 

Having established the conditions for polariza- 
tion-independent coupling, the remaining problem is 
how to fabricate a grating having the required double 40 
periodicity A„ and A.,. In accordance with the present 
invention this can be done in either of two equivalent 
ways. 

From the trigonometric corollary 

2 sin x cos y = sin(x + y) + s in(x - y) (1 5 ) 45 
it is seen that the product of two largely different si- 
nusoids is equivalent to the sum of two slightly differ- 
ent sinusoids. If sin x corresponds to the relatively 
fine grating A, and cos y corresponds to the relatively 
course grating of period MA. equation (15) can be re- 50 
wntten as 

2 sin Kox cos Kox/M = sin K_ 1X + sin K,x (16) 
where 

Ko = 2jt/A (17) 
K, = 2k/A - 2*/MA = K„(1 - 1/ M ) = 2re /A, K 
(18) 

and 



KL, = 2*/A + 2*/MA = Kq(1 + 1/ M ) = 2 nlA_, 
(19) 

Then, from equations (18) and (19), we obtain 
2/A= 1/A, + 1/a., (20) 
5 MA = 2[1/(1/ Al - 1/a_,)] (21) 

where M is any arbitrary number greater than one 
Advantageously, M lies between 5 and 10. 

Having demonstrated that the product of two 
io gratings, of periods A and MA, is the equivalent of the 
sum of two gratings of wavelength A, and A,, one 
can construct a filter in either of two ways. As a prac- 
t.ca I matter, however, it is difficult to fabricate a grat- 
ing by multiplying the fine grating of period A with a 
ig sinusoidal coarse grating of period MA. This would re- 
sult m a structure that is the equivalent of a one hun- 
dred percent amplitude-modulated wave. Such a 
complicated structure would require height variations 
of the grating that would have to be constructed with 
w high accuracy. By contrast, a grating structure 
formed by multiplying a sinusoidal, or square-wave 
fine grating with a rectangular square-wave coarse 
grating can be much more easily fabricated. While 
his g,ves rise to higher order grating components. 
5 these are out of the band of interest and can be ignor- 
ed. Thus, FIG. 3, now to be considered, shows a fine 
uniform grating of wavelength A. multiplied by a sym- 
metric square wave function 31 varying between + 1 
and -1 and period MA. 
( For purposes of illustration. M was chosen equal * 
to 5. and the phase of the modulating wave 31 was 
selected to switch between +1 and -1. in phase with 
the fine grating 30. In the intervals +1 and -1 the fine 
grating is unaffected. The transition ±1 and ?1 how- 
ever, introduces a 1 80' phase shift in the fine grating 
thus modifying the fine grating as shown at the tran- 
sition points 1, 2 and 3 along curve 32 in FIG. 3. It will 
be noted that the amplitude of the fine grating is un- 
affected. Only the distribution of the grating is modi- 

1 J !J S ' inSt6ad ° f havin 9 a 9 ratina e 'ement at 
point 1, the next grating element occurs a half cycle 
or 180° later relative to the distribution of the grating 
element along curve 30. The net result, as explained 
herein above, is to produce the equivalent of a sinu- 
soidal double-periodic grating. 

Changes in the phase of the modulating wave rel- 
ative to the fine grating produce gratings that are 
Physically different in the transition interval. This is 
shown by curve 40 in FIG. 4, which is the result of 
sh.ft.ng curve 41 relative to the fine grating 42. How- 
ever, the response of the filter is the same. Basically 
all that is required to produce the desired double-per- 
iodic grating is that a 180" transition occur between 
intervals of uniform grating. 

FIG. 5 shows a four-port, vertically-stacked for- 
ward-coupling filter 50 incorporating a double-period- 
ic grating 51 in accordance with the present invention 
Incident light waves, at wavelengths^, Ji„ ^...x, en- 



ter the lower left port A of the filter in both the TE and 
TM modes. The dropped channel, at wavelength *<, 
leaves the filter by way of the upper right port D of ufJ 
per waveguide 52. Being polarization independent 
both modes are preserved and exit together. The re- 5 
maining signals X u ^...^ continue along the lower 
waveguide 53 and exit via port C. 

The illustrative embodiment shown in FIG. 5 is 
as noted, a forward-coupled, four-port filter. How- 
ever, the double-periodic grating is not limited to such 10 
devices. The invention can, just as readily, be incor- 
porated into reverse-coupled, four-portf ilters, and re- 
verse-coupled, two-port filters. These are illustrated 
m FIGS. 6, 7 and 8, which show, symbolically, a for- 
ward-coupled four-port filter, a reverse-coupled four- is 
port filter, and a reverse-coupled two- port filter. 

Referring to FIG. 6, the two lines 61 and 62 rep- 
resent the two wavelengths, and the vertical lines 63 
between the wavepaths represent the grating. The in- 
put s.gnal is applied to port A. The dropped channel 20 
appears at port D, and the remaining channels exit at 
portC. 

For this filter, the relation between the transmis- 
sion bands for each of the modes, and the grating per- 
iods were given by equations (8), (9), (10) and (11) 25 
To design a reverse-coupled, four-port filter, as rep- 
resented in FIG. 7, n, in the several equations is re- 
placed by -n, and the equations become 
*i<tm) = (n 2( TM)+ n 1(TM) )A, (22) 
x - KTM) = (n^ + n^^A., (23) 30 
x Hte> = (n2{TE)+ n 1(TE) )A, (24) 

and 

KTE) = (n2(TE) + n 1(TE) )A_,. (25) 
In a grating design based upon these equations 
a signal applied to port A of waveguide 71 will divide 35 
between port C and port B of waveguide 72. 

In the two-port case, illustrated in FIG 8, there is 
only one waveguide. Hence, n 2 = n,. In the forward- 
coupled case, where n, is positive, all the equations 
reduce to zero, indicating that a forward-coupled, 40 
two-port filter cannot be realized In the case of a re^ 
verse-coupled, two-port filter, the equations become 
*-KTM) = 2n (TW) A 1 (26). 

1<™> = 2n {TM) A_ 1 (27) 
^KTE) = 2n frE) A 1 (28) 45 
i(TE) = 2n (T E>A_ 1 . (29) 
While reference was made to a vertically-stacked 
filter, the invention is not limited to this particular con- 
figuration. In general, the two waveguides can be ar- 
ranged along side each other, or in any other conve- 50 
nient configuration. 



a uniform periodicity A, separated by 180° phase 
shifts. 

2. The grating according to claim 1 wherein: 

said 180° phase shifts occur at intervals 
equal to MA, where M is any arbitrary number 
greater than one. 

3. A polalization-independent coupler comprising: 

a pair of asynchronous optical waveguides 
in coupling proximity; and 

a grating according to claim 1 distributed 
along one of said waveguides. 

4. A polarization-independent filter comprising: 

an optical waveguide; and 
a grating according to claim 1 distributed 
therealong. 

5. The grating according to claim 2 wherein: said 
grating is equivalent to a grating having a double- 
periodicity A, and A_, where: 

2/A = 1A, + 1/A., 
MA = 2[1/(1/A, - 1/A.,)]. 

6. A polarization-independent coupler comprising: 

a pair of asynchronous optical waveguides 
in coupling proximity; and 

a grating according to claim 5; 

characterized in that: 

said grating is polarization-independent at 
an operating wavelength given by 
Kp = A 1 (n 2(TM) - n 1(TM) ) 
and : 

A-op = •M'tyTE) - n 1(TC) ); 

where: 

n 2 (TE) and n 2(T M) are the refractive indices 
at wavelength ^ of one of said waveguides to 
the TE and TM modes respectively; and 

n 1fre ) and n 1(TM) are the refractive indices 
at wavelength of the other of said waveguides 
to the TE and TM modes respectively. 



1. Agrating having a double- periodicity comprising: 
a plurality of grating sections, each having 
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